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(54) Driving circuit for N-channel power MOS transistors of push-pull stages 

(57) This circuit, for reliably driving a load both in DC and AC mode with a low dissipation, comprises a pair 
of push-pull MOS power transistors (1,2), and a bootstrap capacitor (5) placed between the source of the 
upper MOS transistor (2) and a reference voltage point (12V), through a first switch (15). A second switch 
(10) is arranged between the supply line (V^ and the gate (G) of the upper MOS transistor (2), while a 
third switch (16) is arranged between the gate (G) of the upper MOS transistor (2) and the point common 
to the first switch (15) and the bootstrap capacitor (5). During DC operation, the switches are open or 
closed in order to allow for the connection of the gate (G) of the MOS power transistor (2) to the supply 
voltage (V^. During AC operation, the capacitor (5) is charged to the voltage of the reference voltage 
point via the switches and the gate of the upper MOS transistor is supplied with a gate-to-source voltage 
greater than the supply voltage. A charge pump (not shown) may provide a bootstrap voltage for DC 
operation. 
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SPECIFICATION 

Driving circuit for N-channel power MOS 
transistors of push-pull stages 

5 

The present invention relates to a driving cir- 
cuit for N-channel power MOS transistors of 
push-pull stages. 
As is known, in push-pull stages made with 

10 N-channel MOS technology, the upper device 
requires a gate voltage higher than the supply 
in order to reach a high-conductivity state. For 
this purpose, a bootstrap circuit is employed, 
which allows to obtain the required voltage. 

15 A known circuit of this kind is illustrated, 
for clarity, in Fig. 1 showing a MOS power 
transistor 1, which constitutes the lower de- 
vice, a MOS power transistor 2, which consti- 
tutes the upper device, an input 3 for the 

20 signal and a load 4 connected with a terminal 
to the common point of the transistors 1 and 
2. The circuit furthermore comprises a boot- 
strap capacitor 5 connected with its terminals 
between the source S of the transistor 2 and 

25 the gate G of the latter through the circuit 
comprising the transistor 6, the current source 
7, the diode 8, and the MOS transistor 9. 
Furthermore a diode 10 is provided, being 
connected with its anode to the supply vol- 

30 tage V^ and with its cathode to the rest of 
the circuit. 

In DC operation, the gate of the transistor 2 
is connected to the supply voltage through the 
bootstrap circuit. Consequently the load can 

35 be fed even if at a voltage lower than the 
(positive) supply- As an example, if the supply 
voltage Vcc is 30 V, on the load it is possible 
to obtain a voltage of 20 V, given as a first 
approximation by the difference between the 

40 supply voltage and the gate to source drop 
(Vqs). In such conditions, the power transistor 
operates open and dissipates high power, 
though it is capable of feeding the load. In AC 
operation, however, it is disadvantageous to 

45 have the bootstrap system apply to the gate 
of the power transistor, with respect to the 
source, a voltage equal to the supply voltage. 
Such a voltage value is too high, since, in 
order to have a good driving, it is necessary 

50 to apply a voltage comprised between ap- 
proximately 10 and 14V, while voltages higher 
than 20 V can be dangerous for the MOS 
power transistor itself. 
In order to solve the above described AC 

55 operation problem, it is possible to supply the 
bootstrap circuit at a lower voltage, as an 
example 12 V. Such a solution is shown, as 
an exampl , in Fig. 2, in which th same I - 
ments of Fig. 1 have been d signated with 

60 the same reference numeral. In particular, as 
can be noted, the circuit of Fig. 2 is different 
from the one of Fig. 1 only for the fact that 
the anode of the diode 10 is no longer con- 
nected to the voltage supply V tt , but is fixed 

65 to a suitable lower constant voltage ( .g. 12 



V). 

The configuration shown in Fig. 2 does in- 
. deed solve the AC operation problem, by vir- 
tu of th connection of the gat of th tran- 

70 sistor 2 to a lower voltage, but it is no longer 
capable of giving power to the DC load. In- 
deed, the MOS transistor 2, in order to con- 
duct current, needs a voltage drop V^ of ap- 
proximately 10 V. Since, during DC operation, 

75 the gate circuit is fed at low voltage (in the 
example shown, at 12 V), it has not a voltage 
sufficient to supply the load, and the circuit 
shown is not capable of operating in direct 
current. 

80 In order to solve the problems presented by 
the circuits shown in Figs. 1 and 2, that is to 
say, in order to obtain a circuit capable of 
reliable DC and AC operating, a solution such 
as the one shown in Fig. 3 has been studied 

85 by the Applicant. Such a circuit Cm which the 
elements equal to the preceding circuits have 
been indicated with the same reference 
numerals) is different from the preceding ones 
due to the fact that between the bootstrap 
90 circuit and the supply voltage V a two zener 
diodes 1 V and 1 1" are arranged which have 
for example a break down voltage at 7V and 
are series coupled in order to hold, together, 
14 V. Such a circuit is capable of operating 
95 reliably both in the DC mode, in which the 
gate circuit of the transistor 2 is connected to 
the supply voltage V^ by means of the two 
diodes, and is therefore capable of applying 
sufficient power to the load, and in the AC 

100 mode, since, when the device goes in boot- 
strap, the diodes break at 14 V, so that the 
drop Vgs remains locked at this value. 

Such a device, however, has the disadvan- 
tage of absorbing high power for its oper- 

105 ation, without this power being usable or 

transferred to the load. Indeed, at every oper- 
ating cycle, the capacitor 5 charges to the 
supply voltage V a and then during the boot- 
strap phase, discharges the excess voltage on 

110 the two zener diodes 1 V and 1 1" which lock 
the voltage to the preset value. Consequently, 
at each cycle power is taken for charging the 
capacitor, which energy is then dissipated in 
the discharge of the capacitor through the 

115 zeners 11* and 11". Consequently, the circuit 
of Fig. 3, though it solves the problem of 
adequately supplying the load in the DC mode 
and of ensuring the AC operation, has the 
disadvantage of being too dissipative, which 

120 causes its use to be impossible or anyhow 
disadvantageous in most cases. 

Accordingly, the aim of the present inven- 
ti n consists of providing a circuit for driving 
MOS pow r transistors of push-pull stages, 

125 capable of solving the disadvantages shown 
by the prior art. 

A particular object of the present invention 
is to provide a driving circuit, capable of ade- 
quately supplying a load in the DC mode, of 

130 operating r liably in the AC mod , and such 
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as to have a low dissipation during operation. . 

Another object of the present invention is to 
provide a driving circuit, capable of operating 
with low dissipation both in the DC and in AC 
5 mode. 

Not last object of the present invention is to 
provide a driving circuit comprising conceptu- 
ally simple elements, which can be integrated 
in a single structure, according to already 

10 known technologies, so as to have low manu- 
facturing costs. 

The above aim and objects as well as oth- 
ers which will better appear hereinafter are 
achieved by a driving circuit for power MOS 

15 transistors of push-pull stages, comprising a 
first power MOS transistor and a second 
power MOS transistor, said MOS transistors 
being connected in a push-pull configuration 
and defining an upper and a lower MOS tran- 

20 sistor, respectively; an AC signal input con- 
nected to gate electrodes of said first and 
second MOS transistors; and a bootstrap cir- 
cuit having a bootstrap capacitor applied be- 
tween a source electrode of said upper MOS 

25 transistor and a reference voltage point 
through a first switch element, said upper 
MOS transistor being connected with a drain 
electrode thereof at a supply voltage, charac- 
terized in that it comprises a second switch 

30 element arranged between said supply voltage 
and the gate electrode of said upper MOS 
transistor and a third switch element arranged 
between said gate electrode of said upper 
MOS transistor and a common point defined 

35 by said first switch and said capacitor, said 
second switch element being closed and said 
first and third switch elements being open 
during DC operation, thereby allowing electrical 
connection of said gate electrode of said up- 

40 per MOS transistor to said supply voltage, 
said first and second switch elements being 
closed and said third switch element being 
open during AC operation with an input signal 
at said AC signal input at a first level, thereby 

45 said capacitor charging at the voltage of said 
reference voltage point, said first and second 
switch elements being open and said third 
switch element being closed during AC oper- 
ation with said AC signal at said AC signal 

50 input at a second level. 

Further features and advantages will become 
better apparent from the description of a pre- 
ferred, but not exclusive, embodiment, given 
by way of non-limitative example in the ac- 

55 companying drawings, where: 

Figs. 1 to 3 are equivalent electric diagrams 
of prior or possible embodiments of drive cir- 
cuits for pow r MOS's of push-pull stages; 
Fig. 4 is an equival nt electric diagram of 

60 th devic according to the invention; 

Fig. 5 is a circuit for driving the d vice ac- 
cording to the invention for DC operation; 

Fig. 6 is a bloc diagram related to the de- 
vice according to Fig. 5; and 

65 Fig. 7 is the equival nt lectric diagram of a 



composite embodim ht of th device accord- 
ing to the inv ntion. 

Hereinafter, Figs. 1 to 3, already explained 
in detail in the introductory part of the present 
70 description, will not be described. 

With reference to Fig. 4, it shows the elec- 
tric diagram of the circuit according to the 
invention. The circuit comprises some compo- 
nents equal to the embodiment of Fig. 1, so 
75 that said components have the same reference 
numerals. The device according to the inven- 
tion, therefore, is composed of a pair of N- 
channel MOS transistors 1 and 2, fed with the 
input signal through the terminal 3, and driving 
80 a load 4. The circuit furthermore comprises a 
bootstrap capacitor 5, the transistor 6, the 
current source 7, the diode 8 as well as a 
MOS transistor 9 as in the preceding embodi- 
ments. Similarly to Fig. 1 # a diode 10 is placed 
85 between the bootstrap circuit and the supply 
Vcc. According to the invention, the driving 
circuit of the MOS transistors comprises a pair 
of diodes 15 and 16, suitably connecting a 
further DC source (e.g. 12 V) with the boot- 
90 strap circuit. In detail, the diode 15 is con- 
nected with its anode at such constant vol- 
tage (12 V) and with its cathode to one of 
the terminals of the capacitor 5, while the 
diode 1 6 is connected with its anode to the 
95 cathode of the diode 15 and with its cathode 
to the bootstrap circuit, comprising the tran- ' 
sistor 6, the source 7 and the diode 8. The 
diodes 15 and 16, together with the diode 
10. operate as switches and switch on or off 
100 depending on the operating mode of the cir- 
cuit, so as to allow the connection of the gate 
of the transistor 2 to the supply Vcc or keep a 
preset drop between the gate and the source 
of the transistor 2 during AC operation. 
105 In detail, the operation of the circuit accord- 
ing to the invention is as follows. 

During DC operation with V„ in its low 
state, the diode 10 is directly biased, while 
the diodes 15 and 16 are inversely biased. 
110 Consequently, the gate of the transistor 2 is 
directly connected to the supply voltage V tt 
through the diode 10 and the gate circuit, so 
that it is possible to feed the load with 
power, and therefore the load is controlled 
115 appropriately. 

In AC operation, when the input signal V w 
becomes high, the capacitor 5 charges to ap- 
proximately 12 V. In fact, the lower MOS 
transistor 1 is in the ON state through the 
120 diode 15 which is ON, whereas the diode 16 
is still OFF and de-couples the diode 10 
(which is ON) from th diode 15. In th sub- 
sequent phase, wh n the input signal V w be- 
comes low, as th output voltage V 0 in- 
125 creases, the diode 10 g ts OFF, while the 
diod 16 is directly biased and th refor sup- 
pli s the gat circuit of the transistor 2, con- 
necting it to the bootstrap capacitor 5. Conse- 
quently, th capacitor 5, charged and having a 
130 12 V voitag drop at its t rminals, rises in 
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vottag and therefore inversely biases the di- 
od 15, which therefore turns off. In this 
mann r th capacitor 5 remains charg d at the 
direct voltage at the lower valu (in this case, 
5 12 V) and the driving circuit only needs to 
restore its charge lost in charging the gate of 
the MOS transistor 2. Consequently, the cir- 
cuit does not dissipate power on the driving 
circuit, as would occur in the circuit according 

10 to Fig. 3. 

The circuit shown in Fig. 4 therefore has an 
improved AC behavior, with a low power dis- 
sipation. However, in this circuit, DC operation 
with a low-dissipation state of the power 

15 MOS transistor 2 is not ensured. Indeed, for a 
low-dissipation DC operation it is necessary 
for the drive circuit to supply a DC gate vol- 
tage to the power transistor 2 approximately 
10 V higher than the supply voltage. 

20 In order to improve the behavior of the cir- 
cuit according to Fig. 4 as far as DC dissipa- 
tion is concerned, a charge pump may be pro- 
vided, suitable for maintaining an appropriate 
voltage on the gate of the transistor 2. In 

25 Figs. 5 and 6 is indeed shown a possible 
embodiment of said charge pump and the 
connection thereof with the remaining circuit. 
In detail, the charge pump, indicated generally 
at 30 in Fig. 6, is composed of a pair of 

30 switches 20 and 21 placed between the DC 
supply Vcc and the ground 22, and controlled 
as to opening and closing by an oscillating 
signal (as an example, with a frequency of 
500 kHz) supplied on the terminal 23. The 

35 control signal applied to the switches 20 and 
21 is suitably phase-shifted of 180° so that 
when one switch is open the other is closed 
and vice versa. Such a phase opposition is 
obtained, as an example, by means of a logi- 

40 cal inverter 28. The circuit furthermore com- 
prises a capacitor 24 connected with a termi- 
nal to a point intermediate to the two swit- 
ches 20 and 21, and with its other terminal to 
a DC supply voltage (e.g. 12 V) through a 

45 diode 25. A further diode 26 is connected 
with its anode to the connection point be- 
tween the cathode of the diode 25 and the 
capacitor 24 and with its cathode to a further 
capacitor 27 which with its other terminal is 

50 connected to the supply voltage Vcc. 

The circuit of Fig. 5 operates as follows. 
The capacitor 27 is maintained at a voltage 
level which is approximately equal to 12 V 
(i.e. the voltage on line 29), by virtue of the 

55 capacitor 24 which, through the pair of swit- 
ches 20 and 21 and the diode 25, is continu- 
ally charged to a 12 V voltage at a frequency 
of 500 kHz and therefore restores at every 
cycl the charge lost by the capacitor 27. 

60 When the circuit of Fig. 5 is connect d to the 
drive d vice according to the invention in the 
manner illustrat d in Fig. 6, then th gat of 
the transistor 2 is kept in the DC mode at a 
voltage level approximately 10 V higher than 

65 its source when it is desired to keep the up- 



per transistor 2 switched on. 

However, th connection shown in Fig. 6 is 
disadvantageous for AC operation, indeed, in 
this cas , the circuit of Fig. 6 responds v ry 

70 slowly, since the charge pump system shown 
in Fig. 5 has to charge the input capacity of 
the power MOS transistor 2 (of the order of 1 
nF), while the capacity of the pump is approxi- 
mately 100 pF. Consequently, such a system 

75 is not capable of operating at high switching 
frequencies (100-200 kHz), as is required by 
present switching systems. 

In order to solve this disadvantage, the 
charge circuit according to Fig. 5 is connected 

80 according to the invention in the manner illus- 
trated in Fig. 7. 

Fig. 7 therefore illustrates the drive circuit 
according to the invention in its complete em- 
bodiment, intended for DC and AC operation, 

85 comprising the bootstrap system which en- 
sures a reliable and lowdissipation AC oper- 
ation, as well as the charge pump of Fig. 5 
which ensures a low-dissipation DC operation. 
As can be noted, the circuit of Fig. 7 is the 

90 combination of the circuit of Fig. 4 and of the 
charge pump of Fig. 5, in which the common 
elements have been assigned the same refer- 
ence numerals. It should be noted, however, 
that the capacitor 27 of Fig. 5 has been ne- 

95 glected in Rg. 7 since the gate capacity of the 
transistor 2 has the same function and it is 
exactly the capacitance which must be 
charged to the desired DC voltage. Substan- 
tially, therefore, the circuit of Fig. 5 has been 

100 connected to the one of Fig, 4 through a tran- 
sistor 35, operating as a switch placed be- 
tween the anode of the diode 25 and the 
lower-level constant voltage line 29 (for 
example at 12 V). In the drawing, the parasitic 

105 diode 37 has also been shown, which is 

formed between the source and the drain of 
the transistor 35. 

The operation of the device according to 
Fig. 7 will only be described with reference to 

110 the DC operation as far as the charge pump is 
concerned, the AC operation being entirely 
similar to the one of Fig. 4. 

When the power transistor 2 has to be DC 
controlled, the signal fed on the input 3 is 

115 such as to keep the transistor 9 (operating as 
a switch) switched off, while the transistor 35 
is kept switched on. In this way, when the 
switch 20 is closed, the capacitor 24 is 
charged through the diode 25 at the voltage 

120 present on the line 29 (12 V), while, when 
the switch 20 opens and the switch 21 is 
closed, the capacitor 24 transfers its charge 
to the gate capacitance of the power transis- 
tor 2 through the diode 26. In this condition, 

125 the diode 25 de-coupl s th capacitor 24 

from th switch 35, thus prev nting the para- 
sitic diod 37 in parallel to the transistor 35 
from simultan ously switching on. In this way, 
the conn cti n is obtained between th charge 

130 pump circuit and the driving circuit according 
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to Fig. 4 with DC operation, while in AC oper- 
ation, since the switch 35 is controlled in op- 
posite phase to the switch 9, the transistor 
35 itself de-couples the diode 25 from the 
5 supply line 29 and therefore inactivates the 
charge pump. 

Therefore, as explained, the circuit of Fig. 4 
has a reliable behavior both in DC and AC 
modes, allowing for the driving of a load in 

10 any situation. Such a circuit, completed in the 
manner described in Fig. 7, furthermore allows 
also for a low-dissipation DC operation. 

Furthermore, it should be pointed out that 
the two diodes 10 and 16, which are a funda- 

15 mental part of the bootstrap circuit and are 
indispensable for the correct operation of the 
simplified circuit of Fig. 4, also have the func- 
tion of de-coupling the driving transistor 2 
from the DC supply Vq. and from the lower 

20 voltage supply (at 12 V) when the gate of the 
transistor 2 becomes high during DC oper- 
ation. 

An important feature of the invention is 
represented by the fact that when the charge 

25 pump is operating, the required charge condi- 
tion is achieved rather quickly since, by virtue 
of the diode 10 connected to the supply vol- 
tage, the gate capacitance of the transistor 2 
charges at Vcc and the charge pump is only 

30 requested to supply the voltage existing on 
the line 29, that is to say approximately 12 V. 
In this way, fast transients are achieved for 
passing from AC to DC operating mode. 
It should be noted that the separation of the 

35 diode 25 from the 12 V supply upon switch- 
ing on of the transistor or switch 9 and there- 
fore upon switching off of the transistor 35, 
prevents the diodes 25, 26 and 8 from being 
series coupled between the 12 V supply and 

40 the ground during the switching-on periods of 
the switch 9. 

The invention thus conceived is susceptible 
of several modifications and variations, with- 
out departing from the inventive scope, in par- 

45 ticular, all the elements may be replaced by 
other technically equivalent ones. 

CLAIMS 

1 . A driving circuit for power MOS transis- 

50 tors of push-pull stages, comprising a first 
power MOS transistor and a second power 
MOS transistor, said MOS transistors being 
connected in a push-pull configuration and de- 
fining an upper and a lower MOS transistor, 

55 respectively; an AC signal input connected to 
gate electrodes of said first and second MOS 
transistors; and a bootstrap circuit having a 
bootstrap capacitor appli d between a sourc 
electrod of said upper MOS transistor and a 

60 reference voltage point through a first switch 
lement, said upp r MOS transistor being con- 
nected with a drain electrode th reof at a sup- 
pry voltage, characterized in that it compris s 
a second switch el ment arranged betw en 

65 said supply voltage and th gat electrode of 



said upp r MOS transistor and a third switch 
element arranged between said gat electrode 
of said upper MOS transistor and a common 
point defined by said first switch and said 

70 capacitor, said second switch element being 
closed and said first and third switch elements 
being open during DC operation, thereby al- 
lowing electrical connection of said gate elec- 
trode of said upper MOS transistor to said 

75 supply voltage, said first and second switch 
elements being closed and said third switch 
element being open during AC operation with 
an input signal at said AC signal input at a 
first level, thereby said capacitor charging at 

80 the voltage of said reference voltage point, 
said first and second switch elements being 
open and said third switch element being 
closed during AC operation with said AC sig- 
nal at said AC signal input at a second level. 

85 2. A circuit according to claim 1, character- 
ized in that said switch elements are consti- 
tuted by diodes. 

3. A circuit according to claim 1, character- 
ized in that it comprises a charge pump sec- 

90 tion (Fig. 5) including a further capacitor con- 
nected with a first terminal thereof to a further 
reference voltage point through a fourth 
switch element and with a second terminal 
thereof to a switching section alternately con- 

95 necting said further capacitor to said supply 
voltage and to the ground, said first terminal 
of said further capacitor being furthermore 
connected to said gate electrode of said upper 
MOS transistor, said fourth switch element 
100 comprising a switching MOS transistor con- 
trolled on the gate electrode thereof by a sig- 
nal in antiphase relatively to said input signal. 

4. A circuit according to the preceding 
claims, characterized in that said reference vol- 

105 tage point and said further reference voltage 
point have the same potential. 

5. A circuit according to claim 3, character- 
ized in that said first terminal of said further 
capacitor is connected to said gate electrode 

110 of said upper MOS transistor through a fifth 
switch element. 

6. A circuit according to claim 5, character- 
ized in that said fifth switch element is a di- 
ode having its anode electrode connected to 

115 said further capacitor and its cathode elec- 
trode connected to said gate electrode. 

7. A circuit according to claim 3, character- 
ized in that said fourth switch element further 
comprises a diode having its anode connected 

120 to said switching MOS transistor and its cath- 
ode connected to said first terminal. 
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